Se, as Na2SeOs, was added to ewes' rations containing raw and autoclaved kidney beans to compare bean-heating effect on utilization of Se in preventing nutritional muscular dystrophy (NMD) in suckling lambs. Ration effects on digesti bility, milk production, milk composition and daily lamb intake of Se and vitamin E were examined. Observations were also made on distribution of "Se in lamb tissues in relation to treatment effects. Supplemental Se and heat treatment of beans reduced the incidence of NMD. Autoclaving increased the apparent digestion of bean Se, as well as increasing milk production and daily milk yield of Se and vitamin E. Addition of Se appeared to reduce milk fat but no other treatment effects on major chemical components were noted. "Se consumed in the ewes' milk was distributed in lamb tissue in approximately equal proportion due to treatments, with the possible exception of the pancreas.
The cause of nutritional muscular dys trophy (NMD) frequently associated with feeding a basal ration of locally grown hay and cull kidney beans (Phaseolus vulgaris) has been the subject of numerous investi gations at this laboratory (1) (2) (3) . Attempted preventive treatments have included addi tion of vitamin E, Se, antioxidants and sulfur-containing amino acids to the ra tions of the ewes or their lambs, and autoclaving of the beans and hay. A combina tion of vitamin E and Se given to the ewes resulted in complete protection for the lambs, and yet each fed separately was only partially effective. Complete protec tion was also realized when both the hay and beans were autoclaved. This led Hogue et al. (2) to propose that either a heatlabile antagonist of some type was present in the beans and hay, acting in some way to enhance muscular dystrophy in the lamb, or that heat treatment simply en abled the animal to better utilize the vita min E and Se in the ration. Hintz and Hogue (4) reported an apparent antivitamin E effect when kidney beans were in cluded in the diet of chicks. They suggested that this antagonist was likely the causa tive agent in NMD of the lamb.
Milk is normally the sole source of nu trients consumed by lambs when they be come dystrophic but little attention has been given to the total daily milk consump tion or its qualitative characteristics which might predispose the lamb to NMD. Any possible antimetabolite to Se or vitamin E, or to both, contained in beans must be transmitted to the lamb via the milk in order to interfere with normal metabolism.
Considering the above factors the pur poses of this experiment were to : 1) exam ine the antidystrophogenic value of supple mental inorganic Se when added to a ration containing autoclaved and raw beans; 2) measure digestibility effects on milk pro duction and milk composition of ewes con suming raw and autoclaved beans; 3) trace the incorporation of labeled Se into milk and subsequent distribution into lamb tistue, to detect treatment effects on distribu tion of Se; and 4) determine the presence or absence of an antagonist to Se or vita min E, or to both, in beans. EXPERIMENTAL Fifty-two western whiteface ewes, with their lambs, were assigned at random to 4 treatment groups. Five ewes in each treatment group were suckling twin lambs, and the remainder single lambs. Treat-ments included : 1) basal ration of trefoil grass mixed hay and cull kidney beans (Phaseolus vulgaris}; 2) basal ration plus 2.25 mg Se/ewe per day; 3) basal hay with autoclaved kidney beans; and 4) basal hay, autoclaved beans and 2.25 mg Se/ewe per day. Sodium selenite was used as a source of Se and the level added approximates 1.0 ppm of the total diet. The mixed hay and beans were known to be dystrophogenic from previous studies with these feeds, grown in specific fields in central New York State.
The basal diet was fed to the ewes ap proximately one month before parturition of the first ewe. All ewes were group-fed an average of 900 g of kidney beans and 1360 g of hay daily. Forty-five grams of dextrose were offered to each ewe/day as a carrier for the sodium selenite which was added to the dextrose of treatment groups 2 and 4 at a level to provide 2.25 mg of selenium/ewe per day. The lambs did not have access to supplemental feed and ac cordingly consumed a small amount of the ewes' rations.
The beans were autoclaved at 118Â°for 30 minutes in a large soil sterilizer. They were fed within a week after autoclaving to prevent spoilage.
Lambs were weighed weekly and at the termination age of 60 days. Blood samples were obtained by jugular puncture when the lambs were 2, 4, 6 and 8 weeks of age. Blood serum glutamic oxalacetic transaminase (SGO-T) levels were determined on all blood samples by a colorimetrie proce dure.2 SCO-T levels in excess of 200 SigmaFrankel units were considered to indicate muscular dystrophy (5) . Autopsies verified this conclusion. The lambs were forced to run each day in order that clinical signs of stiffness could be observed.
Milk production and milk composition of the ewes was determined during the third and sixth weeks of lactation. Milk produc tion was determined by separating the ewes from their lambs and then emptying the udder by hand milking following intrajugular injections of 5 USP units of a puri fied oxytocic principle 3 in 5 ml of saline at the beginning and end of a 2.5-to 3-hour interval. The milk produced during this time-interval was used to assess the quan tity of milk consumed by the lamb in asmuch as this is the normal suckling interval of lambs of this age (6) . Milk dry matter was determined by freeze-drying, fat content by the Babcock test and protein by multiplying the nitrogen content (Kjeldahl procedure) by 6.38. Se content of the milk and other samples was measured by a fluorometric method (7) . Milk sulfur levels were determined by X-ray fluores cence analysis.4 A modified method of Quaife and Harris (8) was used in tocopherol determinations. Amino acid content of the milk was obtained by use of an amino acid analyzer.
A digestion study was conducted with 3 nonlactatÃ-ng ewes to compare the digesti bility of autoclaved versus raw beans. The effect of autoclaving on apparent intes tinal absorption of Se was observed con comitant with the digestion study.
One hundred microcuries of "Se, as selenite, were given orally by capsule to each of 2 ewes suckling lambs from treat ment 1, and 2 ewes from treatment 3. After a time lapse of 6 days, counts were made on the "Se in the milk and selected tissues of the lamb bodies.
RESULTS AND DISCUSSION
Incidence of NMD. Supplementing the ewes' basal ration with 2.25 mg Se/day re duced the incidence and severity of NMD in their lambs (table 1) . This beneficial effect is understandable in view of the very limited quantity of Se and tocopherol in the basal ration (table 2) . Autoclaving the beans likewise reduced the incidence and severity of NMD but the most effective pre ventive combination was that of cooked beans plus supplemental selenium. The only lambs with elevated SGO-T values in this treatment group were 1 pair of twins. The 2 lambs without elevated SGO-T values in the basal treatment group were single lambs. Fifty percent of the single lambs were affected by NMD on all treatments and 60% of the twin lambs.
Three lambs with elevated SGO-T values were autopsied. One of the three showed a marginal SGO-T value indicative of NMD. The semimembranosus and semitendinosus muscles of all three were pale and dis played varying degrees of necrotic change upon cross section examination. No ne crotic changes in heart muscles were ob served upon gross examination.
Milk production and composition. Treat ment effects on milk production and milk composition are summarized in table 3. Ewes consuming autoclaved beans pro duced significantly (P < 0.05) more milk than those consuming the same quantity of raw beans, resulting in heavier lambs at 60 days of age (table 1) . Differences were established as early as the third week of lactation. Ewes with twin lambs produced an average of 17% more milk than those with single lambs during the third week of lactation but production values were not different after 6 weeks of lactation. The increase in production due to autoclaving the beans could not be attributed to greater digestibility of the major chemical compo nents of the ration since no differences were observed in digestion coefficients or digestible energy values.
The only treatment effect on major milk nutrients (table 3) was an apparent re duction in the percentage of milk fat due to the addition of supplemental Se to the ewes' rations. Although milk protein per centages were not affected by treatment factors, daily protein yields were increased by autoclaving the beans (table 3) . Amino acid composition of the milk did not dif fer between treatments (table 4). Milk from ewes whose lambs exhibited elevated SGO-T values was equivalent in amino acid composition to milk producing no NMD (table 4). The comparative amounts of selenomethionine versus methionine and selenocystine versus cystine were not ex amined. Milk sulfur content was approxi mately equal between treatments (table 5) . A milk sulfur level above the group average was observed in milk from ewes fed the basal ration whose lambs exhibited SGO-T values indicative of NMD (table 5, foot note). Jones and Godwin (9) reported that when inorganic "Se was injected intra venously into a ewe, 73% of that appear ing in the milk was in the protein fraction. Such incorporation of Se into the amino acids of the milk in this study appears likely. Results of this study, together with those of Hintz and Hogue (3), discount the role of the sulfur-containing amino acids per se, as opposed to Se and vitamin E, in the prevention of NMD in the suck ling lamb. However, substitution of Se for S in these amino acids has been pro- 1 The results were obtained with an amino acid analyzer equipped with one colorimeter set at 570 mu. As a result, the relative error on the proline reading was large and this amino acid is not listed. During acid hydrolysis the cystine was converted partly to cysteic acid and an estimation of cystine was not attempted. The amount of cysteic acid was the same in all 5 milk protein samples.
2 Milk from ewes whose lambs had elevated SGO-T values.
posed (10) as the biological means through which Se acts in preventing NMD. Milk Se and vitamin E. Autoclaving the beans and supplementing the ration with inorganic Se increased the daily production of milk Se, although in some instances con centrations were the same on a dry matter basis (table 5). The conversion of supple mental Se to milk Se was likewise en hanced by autoclaving the beans. Milk Se concentrations declined from the third to sixth weeks of lactation on treatments 1 and 3, whereas they remained relatively constant on the supplemental Se rations, perhaps indicating a depletion in the ewes' body stores with the former rations. Con-centration decline coupled with milk yield declines reduced daily Se production to 56 and 61%, respectively, of values during the third week. The time of decline cor responded with increased incidences of NMD.
One important effect of autoclaving the beans and supplementing the raw bean ra tion with Se was to increase the daily yield of tocopherol (table 5) . Added Se elevated daily tocopherol production by one-third, possibly due to a sparing or synergistic effect in the metabolism of the ewe. Auto claving elicited a 180% advantage over the basal ration. These results show an ad ditive effect between vitamin E and Se in the prevention of NMD in the lamb. Calvert and co-workers (11) and Maplesden and Loosli (12) have shown that vitamin E is required in addition to Se in prevention of NMD in the chick and calf, respectively. The same appears to be true of the lamb.
Absorption and utilization of Se and vitamin E. Results of the digestion-bal ance study showed that autoclaving beans increased the apparent availability of Se and vitamin E (table 6). Ewes consuming raw beans showed a negative Se balance of 5.5 ug/day. How much of the Se was absorbed and then excreted back into the gut is not known. Peterson and Spedding (13) have shown that the major path- >Milk sulfur levels of ewes on the basal treatment, suckling lambs with elevated SGO-T, was 0.280 ppm. way of Se excretion in ruminants is through the feces, with only a small frac tion being voided in the urine.
Plant forms of Se were absorbed and incorporated into milk much more effi ciently than supplemental inorganic Se (table 6 ). These observations are in accord with results reported by other workers (13, 14) , who also noted that the major portion of plant Se is unabsorbed, appearing in the feces of sheep in an insoluble inorganic form. They concluded that reduction of dietary Se to a nonavailable form occurs in the rumen inasmuch as the predominant chemical state of Se in the plant consumed was as selenoamino acids either free or incorporated into proteins. Autoclaving aided the utilization of both bean Se and supplemental Se (table 6 ). There is a pos sibility that autoclaving beans enhances the uptake of Se before being transformed into an insoluble inorganic state.
Radioactivity of milk and tissues. The radioactivity of milk withdrawn 6 days after dosage of the ewes with "Se appears in table 7. Specific activity data revealed that as an average at equal milk Se con centrations a larger fraction of the Se was radioactive if the ewes were consuming raw beans in contrast with autoclaved beans. Radioactivity accumulated in the lamb tissues over a 6-day interval of con suming the labeled milk are recorded in table 8. The counts per minute in 15 g of lamb tissue as a fraction of the total counts per minute in the milk produced over an interval of 158 minutes are also included in table 8. The pattern of "Se distribution in lamb tissue was not dissimilar due to treatment effects, with the possible excep tion that more of the "Se was concentrated in the pancreas of the lambs from the raw bean ration. The pancreas has received attention as an organ sensitive to Se levels (9). Jones and Godwin (9) observed an atrophy of the acinar cells of the pancreas of mice consuming Se-deficient diets, and suggested that this atrophy may be the primary symptom of Se deficiency. Average pancreas weights in grams per kilogram of lamb were 0.81 and 0.68 for the lambs from the ewes on the autoclaved bean and raw bean treatments, respectively. Both lambs from the raw bean treatment were dystrophic but not to the degree of clinical stiffness.
It is not known whether this increased utilization of vitamin E and Se in animals fed heated beans is due to the destruction of a specific entity affecting the vitamin E and Se or due to a change in the chemical availability of the 2 nutrients.
More experimentation is required to establish preventive levels of available Se in association with given levels of vitamin E.
Lack of available Se and tocopherol may actually be a deterrent to milk production according to figures obtained in this study. However, separation of cause and effect is difficult. Does the ewe produce more milk due to the availability of these micronutrients or due to greater stimulation from lambs made healthier by their presence in the milk? 
